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Western Greek amphorae produced in colonial western Sicily:
overview of an interdisciplinary research on the series of Himera,
Selinunte, and Agrigento (mid 6th-early 4th centuries BCE)
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Luciana Randazzo
Dipartimento di Scienze della Terra e del Mare (DiSTeM). University of Palermo
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1. Introduction

During their earliest settlement phases, Sicilian Greek colonies imported amphorae-born 
commodities1 from extra-regional regions, primarily from Athens, Corinth, and the Aegean area2. 
These plausible ‘primary-content amphorae’3 conceived for large-scale and long-distance trade 
of one major product (wine and olive oil4) dominated the markets of the Archaic Sicilian city-
states, which were among the most important consumption areas of the central Mediterranean. 
The intensive manufacture of Sicilian transport containers5, that is western Greek-type vessels6, 
did not begin until the later 6th century BCE in the colonial milieu with some forerunners from 
the mid-6th century BCE onwards (see ch. 2.1)7.

There is a certain difficulty in distinguishing the Archaic amphorae productions of the 
western Sicilian Greek colonies based only on stylistic-formal aspects and macroscopic fabric. 
An ‘integrated archaeometric approach’ has proven to be an effective tool in this sense. In fact, 
through the contribution provided by a direct knowledge of the local geo-lithological context, 
by the in-depth compositional and textural characterisation of the potential clayey raw mate-
rials, it was possible to highlight some characteristic ‘markers’ functional to distinguish the 
individual productions.

1 This statement does not include transport vessels manufactured in the native milieu of Sicily’s fertile hinterland. For an in-depth 
discussion of these classes, see Serra 2016 (flat-based amphorae) and Albanese Procelli 2021 (pithoi).
2 Brun 2010: 427; Brun 2011: 107; for a synthesis, see also Klug 2013: 42-46. Most recent, see Pratt 2016. Still valid, even if not 
up-dated, remain also R. M. Albanese Procellli’s (1996; 1997) contributions. Specifically, and by way of example, for Camarina, see 
Sourisseau 2006; for Messina, see Spagnolo 2002.
3 Lawall 2011: 23-33.
4 The most recent critical discussion can be found in Brun 2011.
5 The possible identification of Archaic colonial ‘imitations’/adaptations of Attic SOS and “à la brosse” (Albanese Procelli 1996: 
102-103; Pratt 2016) and Corinthian A-type (Albanese Procelli 1996: 95-96; Sourisseau 2011: 188-189) amphorae still has to be 
corroborated by systematic archaeometric research. For the Phoenician-Sicilian series which date back to the later 8th century 
BCE (Mozia) and to the end of the 7th centuries BCE (Solunto/Palermo), see Bechtold and Vassallo 2018.
6 The term ‘western Greek’ denotes 6th-4th centuries BCE transport vessels manufactured by export-orientated Greek colonies of 
Magna Graecia and Sicily, see latest Sourisseau 2011; Sacchetti 2012; Gassner 2015.
7 The most recent and exhaustive discussion on Sicilian western Greek amphorae is in Bechtold and Vassallo 2023: ch. 5.2.4, 5.3.
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Inter alia, this paper summarises the most relevant issues of recent interdisciplinary re-
search on amphorae production in the westernmost Sicilian Greek colonies of Himera, Selinunte, 
and Agrigento (Fig. 1). It consists of a comprehensive review of the archaeometric researches 
issued on this topic by the authors themselves in the last five years (see ch. 2.1-2.3). It aims to 
concisely re-discuss the published results in a comparative way so as to offer a hands-on resource 
for verifying the distribution of Sicilian western Greek vessels in the Mediterranean basin.

2. Archaeological materials and analytical methods

Within the wider frame of multidisciplinary provenance studies on approximately 
1200 western Greek amphorae mainly discovered in Sicilian sites8, ceramic samples chipped 
from the materials were subdivided into macro-fabrics using hand lenses. In the following, 
all the samples were analysed according to the standardised methods of FACEM (‘Fabrics of  
the Central Mediterranean’) and compared with reference samples of fabrics already defined by  
former interdisciplinary research. The utilisation of a stereomicroscope and macro-photos in triple  
magnification (x8, x16, x25) led to the selection of a group of 87 amphorae representative frag-
ments which have been previously attributed to the local series of western Greek amphorae  
fragments which have been attributed to the local series of western Greek amphorae of Himera, 

8 Research funded by Austrian Science Fund (FWF) project P 30030-G25. Major results published in Bechtold and Vassallo 2023 
and in the eight edition of the database of ‘Fabrics of the Central Mediterranean’ (FACEM).

Fig. 1.- Geographical localisation of the main sites mentioned in this study.
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Selinunte, and Agrigento based on macroscopic and morphological features. The entire sample 
selection has then been submitted to a deeper analytical archaeometric analyses in order to con-
firm the specific site of production and define the corresponding minero-petrographic and chem-
ical markers. It should be underlined that both the micro-fabrics of the amphorae (obtained from 
the observation of thin-sections at the polarizing microscope) and the raw elemental concentra-
tions were successfully correlated with the data obtained (by the same analytical routine used  
for the archaeological samples) from the experimental firings of the local clay raw materials. 

The detailed descriptions of procedures and methods used for minero-petrographic and 
chemical analysis are fully available in previous papers.

Thin-section petrographic observations were carried out by means of a Leica DC 200 
polarizing microscope equipped with a digital camera. The relative abundance of non-plas-
tic inclusions (expressed as area %) was determined by conventional point-counting pro-
cedures (Matthew, Woods and Oliver 1991). Bulk chemical data were determined by the 
Activation Laboratories Ltd (Ontario, Canada), using fusion inductively coupled plasma optical  
emission spectrometry (ICP-OES) for determining major elements and inductively coupled 
plasma mass spectrometry (ICP-MS) for trace elements. In this case 3-5 grams of ceramic were 
first air-dried, crushed and homogenized in a planetary agate ball-mill (Retsch PM100), then 
were mixed with a flux of lithium metaborate and lithium tetraborate and fused in an induction 
furnace. The molten specimen was immediately poured into a solution of 5% nitric acid con-
taining an internal standard until completely dissolved. The samples were accordingly run for 
major oxides and selected trace elements on a combination simultaneous/sequential Thermo 
Jarrell-Ash ENVIRO II ICP or a Varian Vista 735 ICP. Calibration was performed using 7 pre-
pared USGS- and CANMET-certified reference materials.

2.1. Western Greek amphorae produced in Himera9

Dorian-Chalcidian Himera was founded shortly after the mid-7th century BCE at the 
northwestern edge of the Himera plain, on the mouth of the river Imera Settentrionale. The am-
ple agricultural and pastoral hinterland inhabited by native communities favoured rapid urban-
istic and economic development, especially during the 6th century BCE. In 409 BCE, Himera 
was destroyed by the Carthaginian army and never systematically re-occupied thereafter.

The in-depth study of 556 western Greek amphorae re-used in enchytrismos burials of the 
city’s cemeteries allowed for the complete archaeological and archaeometric characterisation 
of the local series. The earliest type Himera 1 can be classified as form 1α with Randform 110 
(Fig. 2a-b). It is dated, through context and morphological comparisons, to the third quarter of 
the 6th century BCE. Sub-globular or heart-shaped form 2-vessels distinguish the series of the 
last two decades of the 6th and the earlier 5th century BCE. Their Randform 3-rims occur in 
two variants: Himera 2.1 with massive semi-ovoid rims (Fig. 2c) or Himera 2.2 with elongated 
semi-ovoid rims (Fig. 2d). At present, we do not have any secure evidence for local vessels dating 
to the second-third quarter of the 5th century BCE. Amphorae production in Himera was doc-
umented again during the last decade of the colony’s life through ovoid containers with concave 
necks and rims of Randform 7 labelled Himera 3 (Fig. 2e-f). While the Archaic artifacts show the 

9 For reasons of space, we here summarise the most significant data previously published in Bechtold, Vasallo and Ferlito 2019; 
Bechtold 2020a; Montana, Randazzo and Bechtold 2020; Bechtold and Vassallo 2023: 92-99.
10  In this paper typological classification refers to Sourisseau 2011 (‘form’) and Gassner 2003 (‘Randform’).
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Fig. 2.- Western Greek amphorae of Himera. A-B: Himera 1; C: Himera 2.1; D: Himera 2.2; E-F: Himera 3.
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coarse macro-fabric HIM-A-1 (Fig. 3a), the finer macro-fabric HIM-A-2 (Fig. 3b) is found from 
the late Archaic period onwards, with the appearance of form 2-amphorae.

To date, c. 20 amphorae produced in Himera have been identified in several native sites of 
the colony’s chora11. The most prominent example is the hill-site of Terravecchia di Cuti where 
form 1α and form 2-vessels are best attested during the second half of the 6th and the earlier 5th 
century BCE12.

2.2. Western Greek amphorae produced in Selinunte13

The Megarian Hyblean colony of Selinunte was founded in the second half of the 7th cen-
tury BCE on the mouthes of the rivers Modione and Gorgo Cotone. Archaic-Classical Selinus 
controlled a wide and fertile hinterland being the probably partly navigable river Hypsas-Belice 

11  The publication of these materials is currently being prepared by B. Bechtold and A. Burgio.
12  Bechtold and Burgio forthcoming.
13 For reasons of space, we here summarise the most significant data previously published in Bechtold 2020b; 2021; Bechtold and 
Vassallo 2023: 123; Montana et alii forthcoming.

Fig. 3.- Macro-photos of archaeological fabrics at x8 magnification. 
A: HIM-A-1; B: HIM-A-2; C-D: SEL-A-4; E-F: AKR-A-1.
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the privileged trade axis towards the native milieux of its chora. After almost two centuries 
of overall economic and demographic growth and prosperity, Selinunte was destroyed by the 
Carthaginians in 409 BCE. After 405 BCE, the city came under Punic control and became a 
multi-ethnic community. In 250 BCE, the site was captured by the Romans and partially reoccu-
pied only from the late Antiquity onwards.

The chrono-typological characterisation of the local series of western Greek amphorae and 
the definition of its archaeometric fingerprint is based on recent interdisciplinary research of 40 
fragments found in several excavations undertaken in Selinunte.

Currently, the earliest local type is represented by late Archaic Randform 3-rims with 
slightly moulded inferior edge and sub-globular belly (Fig. 4a-b). Some fragments classified as 
Randform 5 (Fig. 4c) and an intermediate shape between Randform 2/6 with a slightly convex 
neck (Fig. 4d) can be dated to the second third of the 5th century BCE. A considerable selection 
comprises rims underlined by a ridge above convex necks like Randform 7. The earliest variant 
(c. 440-420 BCE) exhibits almost vertical lips and straight inner profile (Fig. 4e). This is suc-
ceeded, in the last quarter of the century by noticeably thinner rims with concave inner profiles 
that gently slope outwards (Fig. 4f). The last group is characterised by clearly everted rims with 
an angle of at least 20° (Fig. 4g) and may well date to the early 4th century BCE. All of the local 
amphorae are distinguished by a pinkish-orange or reddish-yellow carbonatic matrix of rather 
fine texture labelled SEL-A-4 (Fig. 3c-d). A part from one vessel found in the western necropolis 
of Himera, no assessment can currently be made on the distribution of the class in the regional 
context. However, macroscopic archaeological fabric studies suggest the documentation of a few 
items in the non-Greek settlements of Segesta and Pantelleria14.

2.3. Western Greek amphorae produced in Agrigento15

Situated in the central part of Sicily’s southern coast, Akragas was founded around 580 
BCE by nearby Gela. As a result of the battle of Himera in 480 BCE, Agrigento’s tyrants extended 
their supremacy over the Dorian-Chalcidian colony and large parts of northwestern Sicily until 
c. 470 BCE. During the 5th century BCE, the city developed very quickly until it was sieged and 
conquered by the troops of Hannibal in 406 BCE.

Sub-globular form 2-vessels with rather thick semi-ovoid Randform 3-rims (Fig. 5a) rep-
resent the earliest type Agrigento 1 of the late 6th-early 5th century BCE. A minor selection 
shows Randform 2 without external modulation (Fig. 5b). Heart-shaped amphorae with mas-
sive bottom-shaped pegs and thinned Randform 3-rims (Fig. 5c-d), labelled Agrigento 2, prob-
ably represent the early Classical-period evolution. Currently, local amphorae dating to the span 
of time between the Emmenidian tyranny (490/89-471 BCE) and the last third of the 5th century 
BCE are almost absent in our archaeological record. Better attested is the late Classical series 
documented by semi-ovoid rims with their barycenter in the upper third and underlined by a 
ridge, closely resembling Randform 7 (Fig. 5e-f). All of the local amphorae have been attributed 
to the rather fine-grained macro-fabric AKR-A-1 (Fig. 3e-f).

Notably, and in contrast to the above series of Himera and Selinunte, Akragas presently 
stands out as the only candidate for a modest distribution of its amphorae-packed commodities 

14 Bechtold 2020b: 6, fig. 2.
15 For reasons of space, we here summarise the most significant data previously published in Bechtold 2020c; 2022; Montana et 
alii 2022; Bechtold and Vassallo 2023: 99-104. 
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Fig. 4.- Western Greek amphorae of Selinunte. A-B: form 2; C: Randform 5; D: Randform 2/6; E-F: Randform 7.
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Fig. 5.- Western Greek amphorae of Agrigento. A-B: Agrigento 1; C-D: Agrigento 2; E-F: Randform 7.
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in the whole regional context of western Sicily and in Carthage’s sphere of influence16. This ev-
idence is in perfect harmony with the ancient sources which underline Agrigento’s preeminent 
wine trade.

3. Results and discussion

In presenting and discussing the minero-petrographic and chemical peculiarities found 
in the western Greek amphorae produced in Himera, Selinunte, and Agrigento, it is considered 
appropriate, at the same time, to describe the textural and compositional key characteristics of 
the clayey raw materials whose use has been established in each of these sites. 

The ‘ceramic clays’ of western Sicily are chiefly distributed in the geochronological interval 
between the Oligocene and the Middle Pleistocene (Montana et alii 2011). They were continu-
ously and diachronically used in this territory to produce ceramic artifacts from the Neolithic 
until the 1950s. The depositional environment of these syntectonic terrigenous formations, al-
though evolving over a relatively wide interval of geological time (Alpine orogeny), remains sub-
stantially comparable. With reference to the production process and the optimal characteristics 
of a specific ceramic raw material, this means that the individual clayey lithologies concerning 
both the sand-sized aplastic inclusions and the finer groundmass, are characterised by rather 
similar characteristics in terms of textural aspects (i.e. packing, size, grade of roundness) and 
mineralogical aspects (i.e. phyllosilicates speciation and ratio of abundance, nature and rela-
tive frequency of monomineralic granules or lithic fragments that characterize the sand-sized 
aplastic components). The ‘confusion’ may even be increased by other aspects intrinsic to the 
geological nature of these detrital deposits, sedimented in the sea and subject to the variability, 
over geological time, of the contributions from the emerged areas. For this reason, it is always a 
good practice, to increase the significance of the experimental data, to sample the materials (to 
be subjected to analysis) sequentially, from the bottom to the top, of the chosen stratigraphic 
section and/or in different outcrop points. Overall, therefore, this circumstance could make the 
distinction between the ceramic bodies made starting from such clayey materials more and more 
multifaceted, especially if, for aspects mainly linked to the specificity of the finished ceramic 
product, they are further transformed during the production chain (i.e. clay mixing and/or tem-
pering) or the firing step (i.e. maximum temperature reached and residence time, oxidizing or 
reducing atmosphere in the kiln).

Despite these objective difficulties, common to several other case studies, the observations 
of thin-section at the polarizing microscope first enabled to confirm that the selected amphorae 
can be attributed to ‘local’ ceramic production that employed raw clays sourced nearby each of the 
three archaeological sites. Certainly, the application of an integrated archaeometric approach, 
conceived and developed over twenty years ago within the international project GEOPRO17, has 
made it possible to overcome a good part of these obstacles and to discriminate different mark-
ers (mineralogical, chemical, and textural) useful for attesting the raw materials used and there-
fore identify the different production centers even in relatively restricted territorial contexts. The 

16 See specifically Montana et alii 2022: fig. 3. Currently, more than 30 western Greek amphorae of Agrigento have been identi-
fied in Greek colonies (Selinunte, Himera), in Sicilian native sites (Segesta, Terravecchia di Cuti), and in Punic sites (Pantelleria, 
Rabat/Malta).
17  GEOPRO: TMR European Interdisciplinary Network Project under the 4th Framework Program (1999-2002) which had as its 
object the joint archaeometric analysis of archaeological ceramics and clay raw materials using minero-petrographic and chemical 
techniques appropriately integrated on a geological and statistical basis.
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ceramic raw material, for each individual case study, was deeply recognised without any doubt 
among all the clayey deposits outcropping in the same territory, thanks to any specific geological 
fingerprint and through an in-depth cross-comparison of the textural and compositional charac-
teristics, after experimental firing at various temperatures (under oxidizing atmosphere).

Below are reported the descriptions of the micro-fabrics attested in the western Greek 
amphorae produced in Himera, Selinunte, and Agrigento, which were individually determined 
in previous papers (Montana et alii 2018a; 2018b; 2022; forthcoming; Montana, Randazzo and 
Bechtold 2020). The corresponding average chemical compositions are discussed in succession, 
having been interpreted geochemically, in light of regional geology as well as the mineralogical 
phases and lithic fragments characterising each single ceramic paste (also considering accessory 
components and extent of ‘burial contamination’).

3.1. Thin-section Petrography

 3.1.1. Himera 
The observations of the thin sections of the samples representative of the western Greek 

amphorae produced in Himera, selected on the basis of their macro-fabrics, first of all allowed 
us to demonstrate the use of the illitic-kaolinitic clays of the Terravecchia Formation (upper 
Tortonian-Messinian). These materials are certainly those that, in the considered area, were 
preferentially selected for pottery manufacturing (Montana et alii 2011; forthcoming). They may 
be categorised as silty-clays with a poor sandy fraction, which is on average the 8% by weight. 
The sand-sized natural inclusions are characterized by a relatively scarce calcareous fossil mi-
crofauna and they are essentially composed of quartz, feldspars and tiny mica flakes. These pe-
culiar (textural and compositional) characteristics make these clays very appropriate for direct 
processing, without preliminary sieving, levigation or tempering treatments. This technological 
aspect could explain the wide use that was made of these clays where available in the surround-
ing area, in the archaic and classical ages. The use of these clays as ‘raw materials for ceramic 
use’ has so far been attested in various sites of western Sicily, including Segesta (Montana et 
alii 2003), Monte Polizo (Montana et alii 2012), Entella (Montana, Polito and Tsantini 2015; 
Montana et alii 2017) and somewhat also at Monte Iato (Montana et alii 2021).

Specifically, after the thin-section observation at the polarizing microscope, the micro-fab-
ric of the western Greek amphorae made at Himera presents peculiar and fairly homogeneous 
characteristics, except for some slight textural discrepancies, such as those concerning packing 
and grain-size distribution of the aplastic granules, which, however, led back to single raw mate-
rial source. The most frequent paste (attested on over two-thirds of the examined ceramic sam-
ples) can be recognized by the strong prevalence of very fine aplastic inclusions mostly falling 
in the coarse silt class (0.04-0.06 mm). Fine to medium sand-sized inclusions (0.1-0.3 mm) are 
very rare. Packing is overall moderate turning out to be between 3% and 5%. Grain sorting is 
serial and the groundmass is optically inactive, showing only sporadic clay lumps. The aplastic 
inclusions are mainly composed of monocrystalline quartz, followed by visibly minor quantities 
of polycrystalline quartz, white mica needles (homogeneously dispersed in the ground-mass) 
and feldspars. Small lithic fragments (granitoid rocks, quartzarenite/quartzsiltite) are relatively 
rarer (few granules) or even absent. The calcareous microfossils (or their residues after the firing 
process) are in general sporadic, while, occasionally, secondary ‘burial calcite’ may be dissem-
inated in pore space of the ground-mass, or else in the form of a very thin covering layer in the 
external parts of the ceramic fragment (Fig. 6).
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This technological aspect could explain the wide use that was made of these clays where 
available in the surrounding area, in the archaic and classical ages. As mentioned above, quite 
slight textural variations (with respect to the previous description) have been occasionally ob-
served in part of the amphora samples (around 30%). A relatively greater abundance of fine or 
medium sand inclusions (respectively 0.125-0.25 mm and 0.25-0.5 mm), a higher packing (up 
to 10-15% area) and a bimodal (hiatal) distribution of the aplastic inclusions, being the classes 
of very fine sand and medium sand distinctly more represented than coarse silt (0.04-0.06 mm) 
and coarse sand (0.5-1 mm).

 3.1.2. Selinunte 
As regards Selinunte, previous studies based on the direct comparison between archaeo-

logical ceramics and the clayey raw materials available in the same area, proved the use of the 
Plio-Pleistocene marine clay deposits belonging to the Marnoso Arenacea del Belice Formation 
(Montana et alii 2018a; 2018b; forthcoming; Montana, Randazzo and Bechtold 2020). The 
silty-clayey or clayey-silty deposits belonging to this formation mainly crop out in southern part 
of western Sicily. These materials are characterised by a medium-fine sand content around 11% 
by weight (average). Illite and kaolinite are once again the mineralogical phases predominant 
within the clay fraction, while smectite content (or I/S mixed layers) is generally below 20%. 
The sand-sized natural inclusions (0.06-2 mm) showed a slight prevalence of the calcareous 
components (macrofossils remains together with benthonic and planktonic foraminifera) over 

Fig. 6.- Thin section micro-photographs of the western Greek amphorae produced at Himera 
highlighting their main textural and compositional features (XPL; scale bar = 0.5 mm). 
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quartz, feldspars and acid crystalline lithic fragments. The use of these materials for ceramic 
purposes has a long tradition, especially in this territory. Particularly relevant examples have 
been also attested at Monte Adranone (internal indigenous settlement located in the Sicani 
mountains) and Marsala (Montana et alii forthcoming).

The whole set of representative western Greek amphorae showed acceptable uniformity in 
terms of minero-petrographic features. They fully reflect the key characteristics of local clayey 
raw materials, both in terms of grain size distribution and relative abundance of the aplastic 
inclusions as well as the mineralogical composition (Montana et alii 2018a; 2018b). Going into 
details, as regards the textural aspects, the analysed amphoras show serial distribution of aplas-
tic inclusion size and a relative abundance between 15 and 25% (area), with a notable predom-
inance of coarse silt (0.04-0.06 mm) and very fine sand (0.06-0.125 mm) and lesser amounts 
of fine sand (0.125-0.25 mm). Inclusions with dimensions ranging from the upper limit of fine 
sand (0.25 mm) and medium sand (0.5 mm) are sporadic to common; while aplastic grains with 
diameter greater than 0.5 mm are rare or even absent. Concerning the mineralogical composi-
tion, monocrystalline quartz appears to be by far the most abundant component. Bioclasts and 
limestone fragments are both common constituents, even if they are almost decomposed after 
undergoing the firing process, thus suggesting firing temperatures above 800°C. However, their 
remains are still evident in the form of ‘micrite clots’, sometimes with a sub-rounded profile, or 
more often with an irregular shape (Cau Ontiveros, Day and Montaba 2002). Polycrystalline 

Fig. 7.- Thin section micro-photographs of the western Greek amphorae produced at 
Selinunte highlighting their main textural and compositional features of production (XPL; 
A-B: scale bar = 0.5 mm; C-D: scale bar = 0.2 cm).
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quartz and feldspars (K-feldspar and less frequently plagioclase) are common to sporadic com-
ponents. Very often the crystals of alkaline feldspar and plagioclase appear, especially in the rim, 
altered showing incoming transformation in clay (sericite). Among the subordinate or trace con-
stituents fragments of sandstones were also recognized, together with mica (chiefly 0.04-0.1 mm 
in size), in the form of lamellae and needles. Secondary deposits of microcrystalline calcite are 
quite common, which developed during the burial phase both in the external rim and in the ce-
ramic body (Fig. 7). 

The clays of the Marnoso Arenacea del Belice Formation crop out extensively all around 
the settlement of Selinunte. The easy availability, good plasticity and workability at the natural 
state, as well as the presence of a consistent (but not excessive) calcareous component, made this 
raw material optimal for amphora and daily-use pottery production. Moreover, especially for 
the manufacture of bricks and/or cooking ware, the same clays were also tempered with medi-
um-fine grained sand, likely sourced in the nearby coastal dunes (Montana et alii 2018a; 2018b).

 3.1.3. Agrigento
From a lithological point of view, the territory of Agrigento is characterised by the oc-

currence of upper Miocene evaporitic deposits covered by Plio-Pleistocene marly clay and bio-
calcarenites (Catalano et alii 2013). In particular, the area of the Valle dei Templi is charac-
terised by the widespread presence of grayish clays widely emerging lengthwise the slope and  
in the plain below the temples. These lower Pleistocene marine clays, characterized by remains 
of calcareous microfossils (mainly planktonic foraminifera and mollusks), have been recently 
established to be the ceramic raw material used for local production of western Greek am-
phorae (Montana et alii 2022). Their clay-sized fraction resulted mainly composed of illite  
and kaolinite with negligible quantities of swelling clay minerals (i.e. smectite and I/S mixed 
layers). In terms of granulometry the lower Pleistocene Agrigento clay can be classified as  
silty-clay or clayey-silt, with quite negligible sand content (ranging from 2 up to 17% weight, 
average 8%). Natural inclusions mainly fall in the classes of coarse silt (0.04-0.06 mm) and 
very fine sand (0.06-0.125 mm) with sporadic to rare medium-coarse sand sized individuals 
(0.25-1 mm). The most abundant mineralogical phase is monocrystalline quartz. Calcareous 
microfossils are also common constituents, while polycrystalline quartz, mica flakes, feldspars 
and gypsum are less common to sporadic/rare.

The micro-fabric of the western Greek amphorae produced in Agrigento is accordingly 
characterized by abundant minute aplastic inclusions (packing ranging from 10% to around 
20% area), ranging in size from coarse silt and fine sand (0.06-0.25 mm). Granules greater 
than 0.3 mm are sporadic to rare. In terms of composition, the calcareous component (com-
mon) is represented by bioclasts (frequently decomposed due to the firing process) and mi-
crite clots (Cau Ontiveros et alii 2002). Monocrystalline quartz is clearly prevailing over poly-
crystalline quartz, mica flakes and feldspars (Fig. 8). Glauconite and iron oxides/hydroxides 
are sporadic accessory constituents scattered in the groundmass as lumps (with irregular or  
subcircular form) resulting from the aggregation of particles with very small dimensions  
(colloids). Moreover, massive or fibrous aggregate of anhydrite (CaSO4) can be occasionally 
detected, distinguishable under the polarizing microscope by the high interference color, the 
perfect (010) cleavage and the absence of pleochroism (colorless at plane polarised light). 
The presence of this phase, although not frequent, may represent a peculiar ‘minero-petro-
graphic marker’ of the amphorae produced in Agrigento. In fact, it was demonstrated that tiny 
anhydrite crystals originate during the ceramic ‘firing stage’ from the calcination of gypsum 
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(CaSO4.2H2O), which was detected by XRPD analysis as subordinate crystalline phase in the 
raw clays sampled in the Valle dei Templi (Montana et alii 2022). The clays of Agrigento may 
contain small quantities of detrital gypsum (fragments of selenite gypsum) very likely deriving 
from Messinian evaporitic deposits.

3.2. Chemistry

The chemical analysis of a ceramic body has been considered for over thirty years an indis-
pensable tool for defining ‘compositional groups’ that are a reference for recognising and circum-
scribing a given ceramic production. Provenance studies of archaeological ceramics by the analy-
sis of their bulk chemical composition are based on the assumption that pottery manufactured in 
different production centres can be distinguished thanks to the different clay raw materials used. 
Clay pastes for the manufacture of ceramics were prepared from natural raw materials common-
ly extracted in the vicinity of the production sites (Hein and Kilikoglou 2020). Obviously, the na-
ture (i.e. relative abundance of the different grain size fractions, mineralogical composition and 
size distribution of the sandy inclusions) depends on the specific formation processes of the clay 
deposits themselves and on the different regional geological contexts. Furthermore, it should 
be considered that, given the same raw material used, the different preparation procedures for 
the clay mixture should also be considered, i.e. the purification treatments necessary for natural 

Fig. 8.- Thin section micro-photographs of the western Greek amphorae produced at 
Agrigento highlighting their main textural and compositional features. Anhydrite crystal is 
shown in figure 8D (XPL; A-B: scale bar = 0.5 mm; C: scale bar = 0.2 cm; D: scale bar = 0.1 mm). 
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clays that are too lean and the tempering treatments for those that are too plastic, which could 
make direct comparison with finished ceramic products more complex. Especially in these cases, 
the integrated archaeometric approach, previously mentioned, which involves the interpretation 
of the chemical data always in the light of the minero-petrographic data, allows the ceramic pro-
duction centers to be characterised in a much more detailed way.

 3.2.1. Himera
The western Greek amphorae manufactured in Himera with the clays of the Terravecchia 

Formation show quite distinctive chemical characteristics, at least in the panorama of contempo-
rary Sicilian productions, both in terms of some major elements and trace elements. As previously 
pointed out, the petrographic analyses of the finds highlighted only slight textural differences 
within this ‘paste group’, essentially linked to the relative abundance and size of the aplastic in-
clusions, mainly composed of quartz, feldspars and mica. Therefore, the average bulk chemical 
composition reported in Figure 9 (together with those of Selinunte and Agrigento) can be consid-
ered satisfactorily representative of local productions. First of all, the rather low content of cal-
careous microfossils which characterize the Terravecchia Formation clay deposits (raw materials) 
means that the average concentrations of CaO in the amphorae produced in Himera are accord-
ingly quite modest (variable between approximately 7 and approximately 10% by weight, with 
an average of 8.83% by weight). At a regional level in the clays of the Terravecchia Formation, 
average concentrations of around 5% by weight have been measured in the basal outcrops of  
the Tortonian which become between 7 and 10% in the middle-upper Tortonian. The levels of the 
same formation that can be dated to the Messinian (upper Miocene), however, can reach decid-
edly higher CaO concentrations (up to 24% by weight) following the common presence of gypsum 
crystals (CaSO4.2H2O) within the same clayey deposits (Montana et alii 2011). Thus, the western 
Greek amphorae produced in Himera are characterised by a SiO2/CaO ratio of 6.6. Additionally, 
the average concentrations of Al2O3, Fe2O3 and MgO (respectively equal to 18.04%, 7.25% and 3% 
by weight, see the first column on the left in Figure 9) found in the amphorae produced in Himera 
are relatively abundant as found by chemical analysis on more than 150 samples collected from 
23 different outcrops of the Terravecchia Formation clays (Montana et alii 2011). Relative to the 
ceramic bodies under study, these values are explained by the low abundance as well as small size 
of the quartz inclusions dispersed in the plastic clay groundmass (dilution effect). Similarly, the 
relatively high values of the average concentrations of K2O (2.54% by weight) and TiO2 (0.92% by 
weight), among the major elements, as well as of Rb (101 ppm), among the trace elements, are to 
be correlate to the rather common presence of minute lamellae of white mica, as attested by ob-
servations of thin sections under a polarizing microscope. Among the trace elements, the average 
contents in V (128 ppm), Ba (518 ppm), La (42 ppm) and Ce (85 ppm) can also be considered as 
peculiar compositional marker, once again well-interpretable in light of the mineralogical and 
petrographic characteristics of the ceramic pastes.

 3.2.2. Selinunte
The chemical composition of the western Greek amphorae produced at Selinunte fits more 

than satisfactorily the results obtained by the observations of thin sections at the polarizing mi-
croscope, also confirming the use of the clay deposits (Quaternary) outcropping very close to the 
kilns area. The small variations in concentration recorded both for major and trace elements can 
be linked to minor changes in packing and size distribution of the aplastic inclusions. In fact, no 
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relevant differences concerning nature and relative abundance of minerals or lithic fragments 
composing the aplastic inclusions have been pointed out (Montana et alii 2018a; 2018b). 

As shown in the Figure 9 (central column). The average value of the SiO2 concentra-
tion measured in the western Greek amphorae produced in Selinunte is rather high in gener-
al (58.18% weight) and it is slightly below that recorded in the contemporary productions of 
Agrigento (59.18% weight) and to some extent higher than the average value of the amphorae 
produced in Himera (57.90% by weight). The average concentration of CaO (16.09% by weight), 
on the contrary, is the highest among the western Greek amphorae production centers of Sicily. 
Consequently, the SiO2/CaO abundance ratio also allows us to clearly distinguish the Selinuntian 
manufactures from the others, being equal to 3.6 and therefore visibly lower (Himera=6.6 and 
Agrigento=4.1).

The average abundance of Fe2O3 is 5.84%, a value slightly lower than the average value 
previously recorded for the “ceramic clays” of western Sicily (Montana et alii 2011). The con-
centrations of the oxides corresponding to the other major elements (Al2O3, MgO and K2O) are 
absolutely compatible with the mineralogical composition and relative abundance of the mo-
nomineralic grains and rock fragments composing the aplastic inclusions, reflecting the smaller 
quantities of magnesium-bearing, opaque oxides, feldspars and silt-sized mica. Considering the 
abundances of trace elements, it should be noted that the concentration ranges of V, Rb, Ba and 
Sr appear well correlated with the abundances of the geochemically linked major elements (Fe, 
K and Ca). As can be seen from Figure 9, apart from the SiO2/CaO ratio and the K2O content, 
as regards the concentrations of the major elements, the Agrigento and Selinunte amphorae 
are relatively similar. This result is not surprising given that the clay raw materials used at the 
two sites are very close from the point of view of geological age and depositional environment 
(Montana et alii 2022). However, small mineralogical differences (mica relatively more abun-
dant in Agrigento compared to Selinunte and consequently also the concentrations of K2O and 
Rb) and also in the type and abundance of calcareous microfossils, can allow us to discern the 
two productions with sufficient margin of certainty (Montana et alii 2022). Figure 10 shows 
some binary diagrams that relate the major and most significant trace elements for the purposes 
of differentiating the three amphorae productions. As can be seen, the Rb-K2O scatter plot is the 
only one that allows us to discriminate quite effectively, from a chemical point of view, the west-
ern Greek amphorae from Agrigento and those from Selinunte, while the Himera productions 
always stand out clearly from the others.

 3.2.3. Agrigento
The average bulk chemical composition of the western Greek amphorae from Agrigento 

(Figure 9, right column) fits very well both with the production wastes found during recent ex-
cavations in the kilns area and with the clayey raw materials sampled in the vicinity belonging 
to the Agrigento Formation (Montana et alii 2022). The amphorae are chemically characterised 
by a high SiO2 value, close to 60% by weight (on average equal to 59.18%), contrasted with an 
average CaO concentration equal to 14.50% (weight), decidedly higher than that found in the 
contemporary Himera productions. On the contrary, again compared to the Himera case, rela-
tively lower average values of Al2O3, Fe2O3 and MgO were recorded (respectively equal to 13.89%, 
5.89% and 2.38% by weight). Also, regarding the concentrations of K2O and TiO2 the values 
are a little lower if compared to Himera (on average 1.96% and 0.79% by weight respectively). 
However, these values fully reflect the mineralogical composition found through microscopic 
observations and XRD analyzes, which highlighted the presence of sporadic feldspars (both 
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K-feldspar and plagioclase) and tiny mica flakes within the fine aplastic inclusions (Montana et 
alii 2022). Still among the major elements, it is important to point out the relatively high value 
of average sodium concentration in the ceramic body (on average 0.97%), also found in the local 
clayey raw materials, which is distinctly different from the average values found in the majority 
of ‘ceramic clays’ from western Sicily (Montana et alii 2011). The cause of this odd value, there-
fore potentially usable as a marker of provenance, at least in a regional context, can be sought in 
the presence in the local clays of detrital contributions of evaporitic materials deriving from the 
Gessoso-Solfifera Formation of the upper Miocene (Schreiber et alii 1976), as already pointed 
out by petrographic analyzes with the presence of calcium sulphate crystals (anhydrite) both 
in the clays (after experimental firing at 700°C and 900°C) and, more sporadically, also in the 
corresponding ceramic artifacts. In this regard, some reflection should also be placed on the CaO 
content of these ceramic materials (on average 14.50% by weight). The data deriving from polar-
ising microscope observations, in fact, does not fully support such a concentration, given that the 
local clays, of marine origin, are characterized by the prevalence of fossil planktonic organisms 
with a calcareous shell, very small in size, over the benthic ones and macrofossils (fragments of 
lamellibranchs, coral, gastropods, algae, etc). Such a concentration of CaO is justified by con-
sidering the presence of small but not negligible quantities of gypsum (CaSO4.2H2O) in the lo-
cal clays which then, following firing, transforms into anhydrous calcium sulphate (Montana et 
alii 2022). The trace elements, in terms of concentration, as logically expected, fully reflect the 
trends and correlations detected in the geochemically similar major elements (see Figure 9) and 
the relative abundances of the accessory mineralogical phases found through the study of thin 
sections under a polarizing microscope.

Element oxide (wt%) Himera Selinunte Agrigento

SiO2 57.90 58.19 59.18

Al2O3 18.04 13.92 13.94

Fe2O3(T) 7.25 5.84 5.89

MgO 3.00 2.24 2.38

CaO 8.83 16.09 14.50

Na2O 1.22 0.86 0.97

K2O 2.54 1.65 1.96

TiO2 0.92 0.82 0.79

Element (ppm) Himera Selinunte Agrigento

V 128 100 103

Ba 518 407 418

Sr 394 641 575

Zr 188 266 238

Cu 35 21 22

Zn 113 76 86

Rb 101 57 74

La 42 37 35

Ce 85 73 70

Fig. 9.- LOI normalized average chemical composition of the 
amphorae produced at Himera, Selinunte and Agrigento.
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4. Conclusions and perspectives for further research

Recent high-standard provenance studies under the umbrella of multidisciplinary collab-
oration18 allowed for the almost complete characterisation of western Sicily’s amphorae series 
produced from the Archaic to the early Hellenistic period19. The overall results of these investiga-
tions represent a benchmark for a nuanced understanding of regional economic development20 
and commercial interaction between Greek, Phoenician-Punic, and native communities in this 
frontier area21 situated in the western part of the island.

18 Following Gliozzo’s (2020: 15) plea for the establishment of a ‘M(acro and)M(icro)-typology’ for solid past reference groups 
based on geo-chemical and minero-petrographic analyses.
19 For the panorama of the Sicilian Phoenician-Punic amphorae series, see Bechtold 2015; Montana and Randazzo 2015; Bechtold 
and Vassallo 2018. For the early Hellenistic series of Entella, see Corretti and Michelini 2020.
20 In Antiquity, the setting-up of transport container manufacturing installations implies the availability of an agricultural sur-
plus destined for extra-local markets (Sourisseau 2011: 146-147).
21 For this panorama of multi-ethnic interaction, see latest Spatafora 2015 and 2018, with earlier references.

Fig. 10.- Binary plotting where the concentrations of some major and trace elements are shown, which are 
particularly significant for the purposes of differentiating between the amphorae productions under study 
(Himera, Selinunte, and Agrigento).
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As for the Greek colonies, the earliest western Greek series was set up in Himera. The local 
production of transport vessels suggests a profit-orientated exploitation of the resources culti-
vated in the chora, already evident shortly after the mid-6th century BCE. In the late Archaic 
period, amphorae manufacturing spread quickly, testifying to widespread welfare in the whole 
region22. From a typological standpoint, during this earlier phase, Sicilian potters imitated am-
phorae shapes produced in the areas of Sibari, Reggio, and Locri in Calabria23. Significantly, 
southern Calabrian vessels are best documented in almost all Archaic-period archaeological 
contexts of western Sicily24.

With the possible exception of the Akragas series, it appears that the aforementioned 
western Greek series were predominantly distributed within the non-Greek milieu of the colo-
nies’ hinterlands. In light of the primary focus of the present volume, we do not expect to find 
significant quantities of Sicilian western Greek amphorae at Iberian sites25. However, we should 
keep in mind the fundamental role central Mediterranean commercial hubs such as Himera 
play within the wider framework of long-distance routes, likely involving ‘international’ trade to 
and from the West26. We cannot, therefore, rule out the possibility that local commercial agents 
introduced single western Sicilian Greek amphorae among the cargoes in transition at such ports 
of call. Promising ongoing research in the settlements of the Iberian Peninsula will shed more 
light on this challenging question.
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